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One of the most important accomplishments of recent U.S.
federal education legislation has been to promote the full par-
ticipation of students with disabilities in state educational
accountability systems. The Individuals with Disabilities Ed-
ucation Act (IDEA) Amendments of 1990, the No Child Left
Behind Act of 2001, and the most recent reauthorization of
IDEA as the Individuals with Disabilities Education Improve-
ment Act (IDEIA; 2004) have affirmed the principle of includ-
ing students with disabilities in statewide assessments, as well
as the need to offer appropriate accommodations or alternate
testing procedures, as necessary, to support students’ partici-
pation.

Over the past 15 years, the National Center on Educa-
tional Outcomes (NCEO) has been documenting states’ poli-
cies and practices regarding the participation of students with
disabilities on statewide assessments. In its latest report, Thomp-
son, Johnstone, Thurlow, and Altman (2005) stated that one of
the six key factors cited by states as contributing to positive
trends in the participation and performance of students with
disabilities has been the development and provision of ac-
commodation guidelines and training. In addition, recent
studies have catalogued the rapidly evolving use of accommo-
dations on statewide tests (e.g., Johnson, Kimball, Brown, &
Anderson, 2001; Thurlow, House, Scott, & Ysseldyke, 2000).

Given the serious consequences of test outcomes for
states, districts, schools, and individual students, the validity
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of interpretations of test scores when students are given par-
ticular accommodations has been a critical question in both
the research and policy arenas (Thurlow & Bolt, 2001; Thur-
low, House, et al., 2000; Thurlow, McGrew, Tindal, Thomp-
son,Ysseldyke, & Elliott, 2000; Tindal, 2002; Tindal & Fuchs,
1999). There is general consensus that to be considered a valid
accommodation, a modification in test administration should
remove disability-related variance without affecting construct-
relevant variance. For example, allowing students with motor
difficulties to dictate their solutions to mathematics problems
to a scribe addresses the students’ specific disability without
affecting their mathematics skills. This accommodation would
be expected to improve the test performance of students with
motor impairments only. If the accommodation were given to
students without motor impairments, no impact on test per-
formance would be expected to result.

One test of the validity of a testing accommodation is
whether it changes the meaning of test scores as evidenced by
variance in factor structure or differential item functioning
across tests administered with and without accommodations.
Pomplun and Omar (2000) investigated the factorial structure
of a fourth-grade state mathematics assessment administered
to three groups of students: general education students taking
the test without accommodations, students with LD taking the
test without accommodations, and students with LD taking
the test with a read-aloud accommodation. Results indicated
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the invariance of the test’s factor structure across all three
groups, providing support for the comparability of scores under
both testing conditions and the validity of aggregating the
scores of students with and without disabilities. A similar find-
ing of invariance in factor structure was reported by Huynh,
Meyer, and Gallant (2004) for an eighth-grade mathematics test
administered to general education students and also to students
with disabilities, with and without an oral accommodation.

Fuchs (2000) examined whether various testing accom-
modations were associated with differential item functioning
(DIF) for students with disabilities compared to students with-
out disabilities. In general, item functioning should be invari-
ant in regard to characteristics of test-takers that are not
related to the construct being measured, for example, gender
and ethnicity. However, item functioning is expected when an
accommodation removes construct-irrelevant variance. Thus,
if reading ability is irrelevant to a measure of mathematics
ability, then a read-aloud accommodation should change item
functioning only for those test-takers with poor reading abil-
ity. Results showed that 50% of concepts and applications
items showed evidence of DIF such that students with LD had
improved performance on those items with a read-aloud ac-
commodation.

The most widely discussed way of evaluating the valid-
ity of a testing accommodation for students with disabilities
is by examination of the disability status by testing condition
interaction effect. The strong form of the interaction hypoth-
esis is that a valid accommodation should improve the per-
formance of students with disabilities while having no effect
on the performance of students without disabilities. Based on
their review of the research, Sireci, Scarpati, and Li (2005)
concluded that the “interaction hypothesis needs qualification”
(p. 481). Consistent with the concept of “differential boost”
(Fuchs, Fuchs, Eaton, Hamlett, & Karns, 2000), the hypoth-
esis advocated by Sireci et al. is that a valid accommodation
should improve the performance of students with disabilities
to a significantly greater extent than it improves the perfor-
mance of students without disabilities:

When [students with disabilities] . . . exhibit greater
gains with accommodations than do their general
education peers, an interaction is present. When
gains experienced by [students with disabilities]
are significantly greater than the gains experienced
by their general education peers, the fact that the
general education students achieved higher scores
with an accommodation condition does not imply
that the accommodation is unfair. It could imply
that the standardized test conditions are too strin-
gent for all students. (p. 481)

Results of the research on oral accommodations for
mathematics tests are by no means unequivocal. Some stud-
ies, but far from all, have reported a significant positive effect

of the accommodation for students with disabilities, with lit-
tle or no effect for students without disabilities. For example,
Tindal, Heath, Hollenbeck, Almond, and Harniss (1998) stud-
ied the mathematics test performance of fourth-grade students
with and without disabilities. Students with IEPs (Individual-
ized Education Programs) in reading or math achieved sig-
nificantly higher scores when the test was read aloud to them
than when they read the test items themselves. The accom-
modation effect size for students with disabilities was 0.82,
compared to –0.18 for students without disabilities.

Other students have found significant positive effects for
students with and without disabilities, as well as a significant
interaction effect. For example, Weston (2002) analyzed the
performance of fourth-grade students with and without LD on
two parallel forms of the mathematics portion of the National
Assessment of Educational Progress. Both groups showed
gains with an oral accommodation, and students with disabil-
ities gained significantly more than did students without dis-
abilities, ES = 0.64 versus ES = 0.31, respectively. Weston also
examined the relationship between students’ reading level and
the gain experienced as a result of the accommodation. Stu-
dents with higher reading proficiency gained less than did
students with lower proficiency. Additionally, the read-aloud
accommodation improved performance on word problems
more than it did on calculation problems.

Still other studies have found a significant positive ef-
fect for all students, with no significant difference in the mag-
nitude of the effect for students with and without disabilities.
For example, Meloy, Deville, and Frisbie (2000) investigated
the effect of a read-aloud accommodation on the performance
of middle school students on the Iowa Tests of Basic Skills,
which included a test of Math Problem-Solving and Data In-
terpretation. Students with a reading disability showed a gain
of 0.75 SD, while the gain for students without disabilities was
approximately 0.50 SD. The interaction effect was not statis-
tically significant. Similarly, Johnson (2000), in a study of the
impact of an oral accommodation on the performance of fourth-
grade students with and without reading disabilities on the
Washington Assessment of Student Learning math test, also
failed to find a significant interaction of disability status and
testing condition.

Several studies have found no significant accommoda-
tion effect for either group of students, or an effect in the unan-
ticipated direction. For example, Helwig and Tindal (2003)
studied elementary and middle school students’ math test per-
formance in a standard and a read-aloud condition. Contrary
to expectations, students with low reading skills, but adequate
math skills, performed better in the standard condition than in
the read-aloud condition.

Finally, a small number of studies have reported mixed
results depending on item characteristics. The hypothesis
under consideration is that the magnitude of the accommoda-
tion boost depends on the reading difficulty of test items, such
that the effect of a read-aloud accommodation would be more
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marked for items with greater linguistic complexity. Helwig,
Rozek-Tedesco, Tindal, Heath, and Almond (1999) investigated
the impact of a video-presented, read-aloud accommodation
on a mathematics test administered to 325 sixth graders, 12%
of whom were students receiving special education services.
Overall, the investigators did not find a statistically significant
difference in students’ performance across conditions. In par-
ticular, no accommodation effect was found for low reading-
fluency students when performance on all 60 test items was
examined. Students’ performance was also examined only on
the 6 items identified as posing significant linguistic chal-
lenges, defined as involving sentence length of greater than
40 words, five or more verbs in the passage, and at least three
words familiar to fewer than 90% of sixth-grade students.
On these items, low-fluency readers with average or above-
average math skills profited significantly from the read-aloud
accommodation. In another example, Schulte, Elliott, and
Kratochwill (2001) examined the effects of testing accom-
modations on standardized mathematics test scores of fourth
graders with and without disabilities. On multiple-choice
items, students with disabilities benefited more from a read-
aloud administration than did students without disabilities
(ES = 0.41 vs. ES = 0, respectively). In contrast, for the con-
structed response items, effect sizes were similar for both
groups (ES = 0.31 vs. ES = 0.35 for students with and with-
out disabilities, respectively).

Given the diverse findings of previous research, and the
relative dearth of studies targeting older students, the present
study was designed to address the following research ques-
tions: What is the effect of an oral testing accommodation on
the performance of middle and high school students with and
without LD on a mathematics test? As a group, do students
with LD benefit more from the accommodation than students
without disabilities? Applying an individual difference per-
spective, what percentage of students in each group experi-
ence an improvement, and what percentage experience a
decrement in performance, as a result of the accommodation?
When the results of this study are added to those of previous
research, what general conclusions can be drawn concerning
the validity of an oral accommodation for students with and
without disabilities?

Method

Determination of Sample Size

The minimum number of participants to be included in this
study was determined based on a power analysis (Cohen, 1988)
that took into account both the type of statistical test that
would be performed (a repeated measures analysis of variance
[ANOVA]) and the magnitude of the accommodation effect
sizes found in previous research (ranging from approximately
−0.20 to 0.80). For example, given a significance level of p =
.05, single-tailed, an analysis conducted with 100 students in
each group would have a probability of .41 of detecting an ES
of 0.20, a probability of .88 of detecting an ES of 0.40, and a
probability of over .99 of detecting an ES greater than 0.60.
If the true effect size for the accommodation were small, a
larger sample would be needed to ensure detection of a sig-
nificant effect. With n = 300 in each group, the respective
probabilities rise to .79, > .99, and > .99 for effect sizes of
0.20, 0.40, and 0.60, respectively. Therefore, the study was
designed so as to obtain data from approximately 600 stu-
dents.

Participants

Participants were 643 students in Grades 6 through 10 (58%
boys, n = 391 identified as students with LD) attending three
public middle schools and three public high schools in a large,
metropolitan school district in the southeastern United States.
The six schools from which participants were recruited had
student populations ranging in size from 1,207 to 4,655. The
percentage of students receiving free or reduced-price lunch
ranged from 33% to 89% across the six schools. White, non-
Hispanic students made up from 3% to 15% of the population
at each school; Black, 2% to 38%; and Hispanic, 45%  to 95%.
Limited English proficient students made up between 5% and
22% of students at each school. Table 1 presents the distrib-
ution of students by grade and disability status.

The school district followed federal guidelines for the
identification of students with LD, requiring evidence of a dis-
crepancy between the student’s level of intellectual function-

TABLE 1. Distribution of Participants by Grade and Disability Status

Grade
Total 

Grade
Total 

6 7 8 middle school 9 10 high school Total

LDa 45 95 47 187 171 33 204 391

SWODb 18 85 37 140 103 9 112 252

Total 63 180 84 327 274 42 316 643

aLD = students with learning disabilities. bSWOD = students without disabilities.
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ing and achievement on tasks required for basic reading skills,
reading comprehension, oral expression, listening comprehen-
sion, mathematics calculation, mathematics reasoning, or writ-
ten expression. The magnitude of the discrepancy required for
eligibility differed by age, with the minimum required discrep-
ancy defined as “significant” for children under the age of 7,
1 SD for students ages 7 to 10, and 1.5 SD for students ages 11
and above.

Individual measures of students’ prior mathematics and
reading achievement were not available. However, a general
framework for interpreting the performance of students who
participated in this study can be obtained from state-reported
data, disaggregated by grade level within each school, on stu-
dent performance on the state’s annual reading and mathemat-
ics assessments. The state defines scores at or above Level 3
in the state’s five-level system as demonstrating adequate pro-
ficiency, and requires students to demonstrate such proficiency
on the 10th-grade test to graduate with a standard diploma. At
the six schools from which participants were drawn for this
study, the percentage of students who scored at Level 3 or
above varied somewhat by grade and school. In reading, the
percentages of students without disabilities who demonstrated
adequate proficiency ranged from 31% to 57% for Grades 6,
7, and 8 and from 16% to 38% for Grades 9 and 10. The cor-
responding percentages for students with LD were 3% to 10%
in Grades 6, 7, and 8 and 1% to 5% in grades 9 and 10. On
the mathematics assessment, the percentages of students with-
out disabilities scoring at Level 3 or above were 21% to 59%
in Grades 6, 7, and 8, and 34% to 65% in Grades 9 and 10.
For students with LD, the percentages were 2% to 15% in
Grades 6, 7, and 8, and 5% to 22% in Grades 9 and 10.

The state also administers an annual norm-referenced as-
sessment in reading and mathematics. The norm-referenced
assessment administered in the year this study was conducted
was the Stanford Achievement Test (9th ed.; SAT-9; 1996). The
state reports the median national percentile rank (NPR) for
each grade level within a school. At the six schools involved
in this study, the median NPRs in reading ranged from 31 to
59 in Grades 6, 7, and 8 and from 30 to 37 in Grades 9 and
10. The NPRs in mathematics ranged from 40 to 67 in Grades
6, 7, and 8 and from 46 to 60 in Grades 9 and 10.

Mathematics Assessment Instrument

The mathematics tests used in this study were constructed so
as to meet several criteria. First, given the relevance of this
study to decisions about accommodations for students with
disabilities on statewide tests, the assessments needed to be
broadly similar in content, presentation format, and response
format to the multiple-choice sections of the statewide math-
ematics assessment. Second, given the fully counterbalanced
design of the study, two alternate forms of equivalent diffi-
culty were needed. Third, the difficulty level of the assess-
ment needed to be targeted to the skill level of the participating

students, in that it would be impossible to assess the impact of
an oral accommodation on students whose test performance
without any accommodations was already at the top of the scale.

Sixty test items were drawn from various practice mate-
rials for the statewide test that were not in use at any of the
schools where the study was conducted. The items addressed
fifth-grade state standards in the domains of number sense and
operations, geometry, data analysis and probability, algebraic
thinking, and measurement. Each item consisted of a problem
statement and four answer choices. Some items included di-
agrams (28%), tables (10%), or graphs (10%).

The 60 test items were piloted with groups of elemen-
tary, middle, and high school students with LD who would
not be participating in the study. The percentage of students
responding correctly to an item was used as an index of item
difficulty. The items were ordered by difficulty and then al-
ternately assigned to one of two test forms. Slight modifica-
tions in item assignment were made to make the forms as
equivalent as possible with respect to item type (multiplying
fractions, reading graphs, etc.) and linguistic difficulty (see
below). On both test forms, the items were ordered from least
to most difficult.

Linguistic Difficulty. Linguistic difficulty of the items
was assessed according to the procedure used by Helwig et
al. (1999). Each of the 60 items was analyzed for the total
number of words, verb phrases, and difficult words present.
The total number of words for each item was determined by
counting each word in the problem statement and all answer
choices. Proper nouns, abbreviations, and numbers appearing
in Arabic form were not counted. In addition, if a word or
phrase appeared three or more times in an item, it was counted
only the first time. Difficult words were identified using The
Living Word Dictionary (Dale & O’Rourke, 1979), which con-
tains more than 43,000 words. Each entry provides a grade
level at which a percentage of students correctly identified the
definition of the word. Difficult words were designated as
those familiar to less than 90% of sixth-grade students.

Items included in Forms A and B had an average of 18
and 19 words per item, respectively, ranging from 5 to 35
words for Form A and from 4 to 44 words for Form B. In the
Helwig et al. (1999) accommodation study, criteria for a lin-
guistically challenging math item for middle-school students
were met when the item contained at least 34 words, four
verbs, and one difficult word. In the present study, this crite-
rion was not met for any items on Math Form A (though four
items met two out of the three criteria), and was met once on
Form B (four other items met two out of the three criteria).
Thus, by this measure, the items utilized in the present study
presented less reading difficulty than did those administered
by Helwig et al. (1999).

Verification of Form Equivalence. The pilot test forms
were administered under a standard testing condition to sev-
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eral samples of students at schools that were demographically
comparable to those participating in the study. For a sample
of 34 middle-school, general education students, the correla-
tion between scores on the two forms of the test was r = .80,
p < .001. For a sample of 31 high school students with LD,
the correlation was r = .77, p < .001. Additionally, a separate
sample of high school, general education students (n = 53)
and students with LD (n = 70) was randomly assigned to either
Form A or to Form B. Two separate t-tests for independent
samples—one for students with LD and one for general educa-
tion students—indicated no statistically significant difference
between students’ mathematics performance on the two forms.

Procedure

Recruitment. Approval to conduct the study was ob-
tained from both the university Institutional Review Board
and the local school district. Permission to recruit students for
the study was obtained from principals of the six participat-
ing schools. Individual teachers within each school had the
option of allowing their classes to participate.

In the schools where this study was conducted, some
students with LD received mathematics instruction in general
education classrooms, whereas others received mathematics in-
struction in a special education class. Thus, recruitment efforts
were conducted in both general and special education math-
ematics classrooms. However, only special education classes
that followed the regular mathematics curriculum were tar-
geted. Additionally, because the sampling plan called for ap-
proximately equal numbers of students with and without LD,
the number of students with LD recruited for the study rep-
resented a large proportion, varying from 31% to 55%, of the
students with LD at each school.

A member of the research team visited each participat-
ing mathematics classroom to give a brief explanation of the
study and to distribute parental consent forms. Students who
returned signed forms indicating parental consent to partici-
pate were asked to sign an informed assent form.

Teachers were given a block of code numbers and asked
to assign a number to each participating student and to write
the number on his or her test booklet. On a separate sheet of
paper listing the code numbers for participating students, the
teacher indicated whether the student had an IEP, and if so,
the category of disability under which the student was deemed
eligible for special education services. This procedure made
it possible to correctly identify target students without retain-
ing any individually identifying information in study records.
A small number of students, subsequently identified as stu-
dents with disabilities other than LD, took the tests; however,
their tests were not scored and their data were not used in the
study.

Test Administration. The two mathematics assessments
were group-administered to students in their general education
mathematics classes during a single class period. In each class-
room, the teacher was asked to give each student a test book-

let, as well as an answer sheet bearing his or her identification
number. Separate test booklets and answer sheets were used
for each test. The first page of the test booklet had a sample
item and accompanying response choices; subsequent pages
had two test items per page. The test administrator read a
scripted introduction and then reviewed the sample problem.

For the standard condition, students were instructed to
go through the problems as they would on any test, working
out as many problems as they could in the total allowed time
of 25 min. In untimed field testing, this time was found to be
sufficient to allow all students to complete the 30-item test.

For the read-aloud condition, students were encouraged
to follow along with the test administrator, who read each item
aloud twice. After each item was read, the administrator gave
students a set amount of time— 45, 60, or 75 s, depending on
item difficulty—to complete the problem. In untimed field
testing, these times were found to be sufficient to allow all
students to complete each item. Students were instructed not
to turn to the next page until told to do so.

In accordance with the procedure used for the statewide
mathematics assessment, students were not permitted to use
calculators.

Counterbalancing of Forms and Order of Test 
Conditions. Classrooms were randomly assigned to one of
four different form-by-testing condition combinations: Form
A/ standard administration, followed by Form B/oral accom-
modation; Form A/oral, Form B/standard; Form B/standard,
Form A/oral; Form B/oral, Form A/standard. This procedure
resulted in a relatively equal distribution of students with and
without LD across combinations (students with LD: 80, 101,
115, and 77 in the four conditions; students without disabili-
ties: 64, 60, 51, and 61).

Results
The first step in the analysis was to examine whether there
were any differences in students’ test performance owing to
form or test condition order. Two separate one-way ANOVAs,
one for students with LD and one for students without dis-
abilities, indicated that there were no statistically reliable dif-
ferences in students’ performance owing to form-by-order
condition. For students with LD, F(3, 369) = 0.35, p = .79;
for students without disabilities, F(3, 232) = 0.45, p = .72.

The second step was to ensure that the analysis of ac-
commodation effects included only those students for whom
it would be possible to measure an improvement in perfor-
mance on the test. For students whose scores in the unac-
commodated condition were already at or near the maximum
score possible, improvements owing to the read-aloud ac-
commodation would be subject to a ceiling effect. A total of
18 students, including 3 with LD, had scores of 25 or above
in the standard condition. These 18 students, representing 2.7%
of study participants, were not included in subsequent analyses.

Scores for the 625 students remaining in the analysis are
presented in Table 2. Two independent-sample t tests were
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conducted to investigate whether the accommodation boost
differed for middle- and high school students. There were no
statistically significant differences for either students with
LD, t(386) = −1.07, p = .28, or students without disabilities,
t(235) = 0.44, p = .66. Therefore, students’ school level was
not entered as a variable in subsequent analyses.

Accommodation effect sizes were calculated as the ac-
commodation boost divided by the standard deviation in the
unaccommodated condition. The mean accommodation boost
was 0.87 points, ES = 0.20, for students with LD, compared
to 2.04 points, ES = 0.44, for students without disabilities.

A 2 × 2 repeated measures ANOVA with one between-
subjects factor (disability status: LD vs. no disabilities) and
one within-subjects factor (test condition: standard vs. read-
aloud) revealed the expected statistically significant main ef-
fect for disability status, F(1623) = 275.56, p < .001, partial
η2 = .31. Partial η2 is the proportion of the effect plus error
variance that is due to the specified effect. In addition, there
was a statistically significant main effect for test condition,
F(1623) = 86.21, p < .001, partial η2 = .12. The disability by
test condition interaction was also statistically significant,
F(1623) = 13.87, p = < .001, partial η2 = .02. Overall, stu-
dents without disabilities benefited more from the read-aloud
accommodation than did students with LD. The differential
effect of the oral accommodation, as indexed by η2, accounted
for a very small proportion of the overall variance in mathe-
matics performance.

To investigate the relationship between the impact of the
oral accommodation and students’ mathematics skills, corre-
lations were computed separately for students with and with-

out LD between the accommodation boost students received
and their scores in the accommodated condition. The result-
ing correlations were r = .44, p < .001, and r = .40, p < .001,
for students with and without LD, respectively. Additionally,
accommodation effect sizes were calculated separately for
students with and without LD performing above, or below, the
50th percentile on the test in the accommodated condition.
Students with LD in the top half of the score distribution (n
= 115) showed a mean accommodation effect size of 0.61,
compared to ES = 0.02 for students with LD (n = 273) in the
lower half of the distribution. For students without disabili-
ties, the corresponding effect sizes were 0.55 for students in
the upper half of the distribution (n = 189), compared to ES
= 0.11 for students in the lower half of the distribution (n =
48). These results suggest that regardless of disability status,
the stronger the students’ mathematics skills, the more substan-
tial the benefit they derive from a read-aloud accommodation.

Given that mean measures of the accommodation effect
do not capture the heterogeneity of students’ responses to the
accommodation, an additional analysis was conducted in
which students were categorized as having experienced a ben-
efit to their test performance as a result of the accommoda-
tion, a detriment to their performance, or no difference. For
the purpose of this analysis, the relatively stringent criterion
of a 1 SD shift was applied, in that a shift of this magnitude,
corresponding to a move from the 50th to the 84th percentile
on a test, or, conversely, from the 50th percentile to the 16th,
represents a change substantial enough to affect such real-life
consequences as grade promotion or graduation with a stan-
dard diploma. In a similar analysis, Helwig and Tindal (2003)

TABLE 3. Cross-Tabulation of Accommodation Impact for Students With LD and Students Without
Disabilities

Impact of accommodation

Disability status Benefit No difference Detriment Total

Students with LD
Count 60 298 30 388
% within disability 15.5 76.8 7.7 100.0
% within impact 51.7 63.9 69.8 62.1
% of total 9.6 47.7 4.8 62.1

Students without disabilities
Count 56 168 13 237
% within disability 23.6 70.9 5.5 100.0
% within impact 48.3 36.1 30.2 37.9
% of total 9.0 26.9 2.1 37.9

Total
Count 116 466 43 625
% within disability 18.6 74.6 6.9 100.0
% within impact 100.0 100.0 100.0 100.0
% of total 18.6 74.6 6.9 100.0
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used the less stringent criterion of .5 SD shift in test score. As
seen in Table 3, whereas 15.5% of students with LD experi-
enced a benefit from the accommodation, 7.7% experienced
a detriment to performance. Of students without disabilities,
23.6% experienced a benefit, whereas 5.5% showed a detri-
ment. The difference in the distribution of impact was statis-
tically significant, χ2(2) = 7.06, p = .03.

To address the final research question, accommodation
effect sizes were derived from all available studies of read-
aloud accommodations on mathematics tests for students with
disabilities or poor readers. The results, grouped by students’
school level (elementary vs. secondary), are displayed in
Table 4. Details regarding the specific data and formulas used
for computation of effect sizes are available from the author.
As seen in Table 4, six studies involved only elementary stu-
dents, five studies involved only secondary students, and three
studies included both elementary and middle school students.
The accommodation effect sizes for elementary school stu-
dents with disabilities ranged from 0.10 to 0.82, M = 0.37, SD
= 0.26. For secondary students with disabilities/low readers,
accommodation effect sizes ranged from −0.07 to 0.30, M =
0.10, SD = 0.12. Within-study differences in the accommo-
dation effect size for students with disabilities/low readers and
students without disabilities/high readers ranged from 0 to 1.0
for elementary school students and −0.27 to 0.02 for sec-
ondary students. Thus, effect size differences for groups of el-
ementary students were either nil or favored students with
disabilities; differences for secondary students were either nil
or favored students without disabilities.

The study-level effect size differences were submitted to
a meta-analysis following procedures described in Cooper
(1998). Each accommodation effect size difference was first
multiplied by the inverse of its variance. This procedure re-
sults in greater weight being accorded to larger samples,
which yield more stable estimates of population parameters.
The mean weighted effect size difference, d, across all stud-
ies was d = 0.03. For studies of elementary students (k = 8),
d = 0.20, with a 95% confidence interval of +/− .10. For stud-
ies of secondary students (k = 6), d = −0.12, with a 95% con-
fidence interval of +/− .09. The fact that the aforementioned
confidence intervals do not include zero indicates that both
effect size differences were reliably different from zero. The
homogeneity statistic, Q, which is evaluated as χ2 with k−1
degrees of freedom, was statistically significant, Q(13) =
55.78, p < .01, indicating the presence of greater variation than
would be expected based on chance alone. When school level
was examined as a moderator variable, the combined Q sta-
tistics for the elementary and secondary groups, Q(7) = 28.22,
and Q(5) = 5.63, subtracted from the Q value for all effect
sizes combined, was Q = 55.78 – 33.85 = 21.93. This value,
evaluated as a chi square with df = 1, was statistically signif-
icant at p < .01, indicating a statistically significant associa-
tion of students’ school level with the difference in effect sizes
for students with and without LD.

Discussion
The purpose of this study was to examine the effect of an oral
testing accommodation on the performance of students with
and without LD on a mathematics test similar in content and
format to portions of typical statewide mathematics assess-
ments. This study implemented several recommendations in
the literature (see Helwig & Tindal, 2003; Sireci et al., 2005).
First, the study targeted middle- and high school students,
whose performance under accommodated testing conditions
has not been as frequently investigated as that of elementary
students. Second, the study was carefully targeted to the stu-
dents’ mathematics ability, so as to provide the most favor-
able conditions possible for detection of an accommodation
effect. Third, the study employed a repeated measures design
such that each student served as his or her own control.

Findings of this study showed that a read-aloud accom-
modation on a mathematics test resulted in improved per-
formance for students both with and without disabilities.
Students without disabilities profited more from the accom-
modation, on average, than did students with LD. Whereas
students with LD showed an average gain of approximately
.2 SD, students without disabilities showed a gain of twice
that magnitude, or about .4 SD. Over 23% of general educa-
tion students realized an improvement of 1 SD or more,
whereas only 15% of students with LD derived a benefit of
this same magnitude.

The observed interaction effect, operating in the unan-
ticipated direction, suggests that the accommodation did not
address a specific disability-related characteristic of the stu-
dents with LD. Indeed, the statistically significant difference
in performance in favor of students without disabilities sug-
gests that the accommodation removed some impediment to
performance that was shared by some students in both groups.
To the extent that the oral accommodation addressed a barrier
resulting from poor reading ability, the implication is that the
general education students in this study included a large num-
ber of poor readers. Although individual measures of students’
reading proficiency were not obtained as part of this study, the
statewide assessment data reported earlier support the notion
that a large number of the general education students who took
part in this study likely have inadequate reading skills. On av-
erage, only one-third to one-half of middle-school students
without disabilities, and one-sixth to one-third of the high school
students without disabilities, passed the state’s reading assess-
ment. These students, although not formally identified as hav-
ing a reading disability, would clearly be defined as poor or
very poor readers by the state’s yardstick.

The results of the correlational analysis offer a comple-
mentary explanation of the overall findings. Students with
stronger mathematics skills, whether they were students with
an identified LD, benefited more from the oral accommoda-
tion. This finding suggests that the significant interaction ef-
fect, whereby general education students benefited more from
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the accommodation than did students with LD, may be due to
the greater proficiency in mathematics of students without
disabilities. This finding would lend further support to the idea
that providing access to test items by removing reading abil-
ity as a barrier will differentially improve the performance of
students who have a higher level of skill in the content area
being tested.

Another contributing explanation may be that the read-
aloud condition enhanced attention to the problem statements
and response choices, resulting in fewer errors owing to fail-
ure to encode the task correctly or to make careful distinctions
among response choices. Support for this idea comes from the
observation that the accommodation had an overall positive
effect on performance even though, by criteria described in
the previous literature (Helwig et al., 1999), the items did not
present substantial reading challenges. Weston (2002) also
found that a read-aloud accommodation had a positive effect
on performance on calculation-only items, which do not re-
quire processing of text. Weston offered the explanation that
the equivalent gain for students with and without LD had to
do with the fact that “students are kept on task when the test
is read aloud” (p. 19). This would still not fully explain, how-
ever, the finding of greater benefit of an oral accommodation
for students without disabilities.

Validity of the Oral Accommodation

As mentioned earlier, one perspective on the validity of test-
ing accommodation is that in order for the meaning of scores
achieved by students with disabilities in an accommodated
condition to be the same as that of scores achieved by students
in a standard condition, the accommodation should not pro-
duce a benefit for students without disabilities (Phillips, 1994).
By this criterion, the oral accommodation afforded to students
in this study would not be considered valid. Indeed, to the ex-
tent that the results of this study are replicated, it may turn
out that instead of “leveling the playing field,” an oral ac-
commodation on a mathematics test may increase the gap in
performance between secondary students with and without
disabilities. This has clearly not been the intention of federal
legislation aimed at promoting the participation of students
with disabilities in states’ accountability systems.

At this juncture, the argument made by Sireci et al. (2005)
warrants serious consideration. If the primary objective of im-
plementing testing accommodations is not that of “closing the
gap,” but rather that of achieving a more precise measurement
of students’ abilities in an area such as mathematics, then it
would follow that the oral accommodation ought to be regu-
larly offered to all students.

With regard to individual differences, the findings of this
study, similar to those of Helwig and Tindal (2003), Elbaum,
Arguelles, Campbell, and Saleh (2004), among others, suggest
that accommodations are not uniformly benign, but instead have
the potential to interfere with performance for some students.
Whereas a read-aloud accommodation may remove construct-

irrelevant variance owing to reading difficulty, it may also in-
troduce construct-irrelevant variance owing to other factors.
For example, teachers whose students participated in the study
by Weston (2002) perceived that general education students
became impatient with the time needed to finish reading the
items aloud and reported that they disliked the pacing of the
test in the accommodated condition.

Finally, the results of this study were combined meta-
analytically with those of 13 previously published empirical
studies. The results of the meta-analysis provide support for
the hypothesis that the impact of oral accommodations on stu-
dents’ mathematics performance is not the same for elemen-
tary and secondary students. Whereas the accommodation
boost for elementary students is clearly of greater magnitude
for students with LD than it is for students without LD, the
impact on secondary students shows greater benefits for stu-
dents without disabilities. Though explanations for this find-
ing are unclear, the pattern is consistent enough to warrant
further investigation.

Limitations

A limitation of the present study, similar to that of other stud-
ies of oral testing accommodations, is the confounding of the
accommodation meant to remove reading ability as a factor
in performance with concomitant factors that are unrelated to
reading ability, such as the pacing and attention-focusing that
come with having the test read aloud.

An additional limitation of the study is the fact that no
individual-level measure of reading ability was included in the
design. Thus, it was not possible to test whether the variation
in accommodation effects was associated with variation in in-
dividual students’ reading skills. At the group level, the re-
ported state assessment data do support the idea that students
with LD were poorer readers than their peers without identi-
fied disabilities, as one would expect. These data also suggest
that there is greater overlap in the distribution of reading pro-
ficiency levels across students with and without disabilities
than is often acknowledged. If 95% of students with LD were
failing the high-stakes high school reading assessment, so were
two-thirds of the students without an identified disability.

Implications for Research

Several implications for future accommodations research can
be drawn from the present study. First, as noted by previous
researchers (e.g., Elliott, Kratochwill, & McKevitt, 2001), the
effects of different components of an accommodation, such
as oral presentation and pacing, should be independently as-
sessed whenever possible. Second, care should be taken to en-
sure that the test material is appropriately targeted to all
groups of students that are included in the design. Third, fac-
tors believed to contribute construct-irrelevant variance—
particularly reading ability, insofar as students with LD are
concerned—should be measured for each student and in-
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cluded as variables in the analysis. Fourth, the level of lin-
guistic challenge presented by the items should be reported,
and controlled across alternate forms. Finally, future research
should examine changes in students’ response to an accom-
modation over time, to ascertain whether experience with an
accommodation alters the degree to which the student bene-
fits from the accommodation.

Implications for Practice

The findings of this study underscore the need to reframe the
issue of testing accommodations as one that is relevant to all
students, and not only to students with disabilities. If partic-
ular testing accommodations, such as oral presentation of items
on a mathematics test, are deemed appropriate for general ed-
ucation students, as well as for students with disabilities, then
the incorporation of accommodations into all testing proce-
dures must be conceptualized as part of the universal design
of assessment systems (see Thompson, Johnstone, & Thurlow,
2002), rather than as an add-on for special populations.

From a disability perspective, the emphasis should be on
the appropriate and individualized assignment of accommo-
dations to students through an informed decision of the IEP
team (e.g., Edgemon, Jablonski, & Lloyd, 2006). With regard
to mathematics testing in particular, it has been argued that
when students are provided a read-aloud testing accommoda-
tion, their test performance represents a relatively accurate
measure of their mathematics skill (see Weston, 2002). How-
ever, given the findings of the present study, it would be in-
appropriate to conclude that we should simply assign all
students with LD to a read-aloud testing condition. Some stu-
dents with LD—approximately 8% in this study—perform
significantly less well in a read-aloud condition, for reasons
which are as yet unclear. Though blanket assignment of stu-
dents to an oral accommodation would likely improve group
performance, this improvement would come at the expense of
the small minority of students for whom a different form of
construct-irrelevant variance is being introduced, resulting in
scores that do not fully reflect their competence. Thus, the de-
cision to assign students to an accommodated testing condi-
tion should only be made based on prior empirical evidence
indicating the likelihood that the student’s performance will
benefit, or at least will not be impaired, in the accommodated
condition.

A final consideration is that accommodations are not a
remedy for low levels of skill on the construct that is being
assessed. In the present study, students were not tested on
grade-level mathematics items, but rather on items reflecting
their current level of skill. This was necessary to detect the ef-
fect of the oral accommodation. However, if students in the
present study had been tested at grade level, many may have
performed poorly, even with an oral accommodation.

As additional studies clarify the aspects of test-taking
situations that either improve or detract from student perfor-
mance, a better understanding will also emerge of the skill

sets—and accommodations—that students with and without
disabilities may need to effectively use the assessed abilities
in real-life contexts outside of school.
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